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OPTICAL SENSOR ARRANGEMENT FOR START OF SCAN DETECTION 
AND IMPROVED VERTICAL BEAM ALIGNMENT RANGE 

BACKGROUND OF THE INVENTION 

1 . Field of the invention. 

The present invention relates to image forming apparatus such as laser printers 
and more particularly to an arrangement for determining laser beam position. 

2. Description of the related art. 

An in-line color laser image printing process where the media passes through four 
color developing stations in series will print the same speed as monochrome. The 
photo conductive drum exposures typically occur on all four colors at the same time. 
Both process and scan direction alignment of the four color developing stations is 
critical. The process location of each scanning laser beam must overlap to prevent 
color offset in the process direction. If one beam is out of synchronization with the 
others, the image in the corresponding color will be misaligned relative to the 
remaining color components, and the resulting image blurred. Each color should have 
an adjustment to correct for process direction misalignment because each color has a 
scanning laser beam following a separate optical path. Thermal changes will cause 
misalignment so the adjustment should be performed real time and not be just a one 
time manufacturing adjustment 

It is possible to utilize a sensor arrangement for two dimensional beam detection 
known as PSD or Position Sensitive Detection. In such an arrangement, two optical 
sensors are used. One functions as a start of scan sensor to detect the horizontal scan 
beam location. A second sensor may be added at an angle to the first, and the time 
delay between the two sensors used to determine the vertical beam position location 
or so-called process direction. Firmware processes this information and makes 
appropriate adjustments in the raster image. Such an arrangement has a disadvantage 
in that the second sensor must be longer than the first to achieve the same vertical 
detection range. If the second sensor is offset by an angle of 45 degrees, the second 
sensor will be nearly 1 .5 times longer than the first, which will be more expensive and 
may not be feasible. 
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It is highly desirable to implement an in-line process using four scanning lasers. 
What is needed in the art is a sensor arrangement which is capable of a full PSD 
function with reasonable expense. 

SUMMARY OF THE INVENTION 

The invention provides apparatus for determining the coordinates of the location 
of a laser beam utilizing first and second laser light sensitive sensors which are 
disposed obliquely to one another. 

The invention comprises, in one form thereof, a color printer having multiple laser 
printheads, each employing a laser beam which executes a scan pattern of repeated 
transverse scans along a corresponding line to form image information, and laser 
beam position sensing arrays for each printhead synchronizing operation of the 
printheads. Each position sensing array includes first and second elongated laser light 
sensitive sensors extending obliquely to one another and to the corresponding laser 
scan line. 

An advantage of the present invention is that sensor length and cost are reduced, 
and/or the effective range of process detection is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features and advantages of this invention, and the 
manner of attaining them, will become more apparent and the invention will be better 
understood by reference to the following description of an embodiment of the 
invention taken in conjunction with the accompanying drawings, wherein: 

Fig. 1 is a generalized cross-sectional view of an embodiment of a laser printer 
having color capability utilizing four laser printheads in which the present invention 
finds particular utility; 

Fig. 2 is a simplified front view of one laser beam position sensing arrangement 
according to the present invention; 

Fig. 3 is a simplified top view of the sensing arrangement of Fig. 2 and including 
a laser and rotating mirror; and 

Fig. 4 is a schematic illustration of circuitry for determining laser beam positions 
utilizing the sensing arrangement of Figs. 2 and 3. 
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Corresponding reference characters indicate corresponding parts throughout the 
several views. The exemplifications set out herein illustrates one preferred 
embodiment of the invention, in one form, and such exemplifications are not to be 
construed as limiting the scope of the invention in any manner. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings and particularly to Fig. 1, there is shown an 
embodiment of a laser printer having, for example, four laser printheads such as 12, 
14, 16 and 18 aligned along the intermediate transfer member in the form of image 
transfer belt 20. Each of the printheads 12, 14, 16, and 18 develops an image on a 
corresponding photo conductive drum such as 22. Next, the image is developed with 
one of four-color toners, i.e. black, magenta, cyan, or yellow, and transferred 
successively onto the image transfer belt 20. Finally, the image is transferred to a 
substrate (paper or transparency) at nip 24, fused and processed out of the printer as 
indicated by the arrow 26. Each laser printhead executes a scan pattern of repeated 
transverse scans along the corresponding photo conductive drum as that drum rotates 
and includes a beam position determining arrangement of the type illustrated in Figs. 
2 and 3. 

In Fig. 2, a pair of optical sensors 28 and 30 extend obliquely to one another, each 
at an angle A to the bisector 36. The plane of Fig. 3 is orthogonal to that of Fig. 2. A 
beam 32 from laser 38 impinges rotating mirror structure 40 and sweeps in a repeated 
transverse scan path 34 as mirror structure 40 rotates. Laser beam 32 progresses 
along the transverse path 34 and is incident sensor 28 at time Tl and later impinges 
sensor 30 at time T2. The direction of scan is generally perpendicular to the bisector 
36. After scanning past the sensors, the beam exits the printhead, impinges a photo 
conductive drum such as 22 and performs the image forming task. If, for example, 
the longitudinal (i.e., vertical or process direction) position of the scan line changes to 
that shown at 34\ the beam impinges the sensor 28 at an earlier time TT and strikes 
the second sensor 30 at a later time T2\ The reverse would result if the beam were 
raised. 

The vertical sensitivity or change in signal vs. vertical position change depends on 
the angle (2A) between the sensors. Greater sensitivity can be achieved by increasing 
the angle, at the expense of lengthening both sensors or decreasing the vertical range. 
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The angle is chosen to achieve a balance between sensor length which is directly 
related to cost, detection range, and sensitivity or accuracy. 

Fig. 4 illustrates schematically the electrical circuitry for two laser printheads, 
each employing a laser beam which executes a scan pattern of repeated transverse 
scans along a corresponding line to form image information. There are two laser 
beam position sensing arrays for synchronizing operation of the printheads. Each 
position sensing array comprises first and second elongated laser light sensitive 
sensors 28 and 30, and 52 and 54 extending obliquely to one another and to the 
corresponding laser scan line, either 34 or 56. Circuit 46 responds to the time delay 
between the beam striking the first sensor 28 and the second sensor 30 to determine 
the longitudinal (process direction) coordinate of beam 34. Electrical circuit 42 
responds to the average of the times required for the beam to reach the first and the 
second sensors 28 and 30 to determine a second beam coordinate. Typically, the 
second beam coordinate is an indication of when the beam reaches a start of scan 
location as indicated at 44. Similarly, the difference between the times T2 and Tl at 
which beam 56 impinges sensors 52 and 54 is determined at 58 and used to compute a 
measure of the longitudinal position of beam 56 as indicated at 62. The average of 
the two times Tl and T2 is determined at 60 and utilized to determine the start of scan 
64. The beam positions 48 and 62 may be determined by a stored table look-up 
scheme. Such a table directly relates the time difference to the beam location for a 
particular sensor geometry. Other indications of position, even the time difference 
itself, may be employed. The two computed longitudinal beam positions 48 and 62 
may then be compared by a comparator circuit 66 and a corrective action initiated at 
68 if the compared positions differ by more than a predetermined or threshold 
amount. Replication of this circuitry may be made to accommodate the four 
printheads of Fig. 1 . For example, one printhead may be taken as a reference and 
each of the others compared to and harmonized with this reference. 

The harmonization or corrective action may involve changing the laser timing or 
the timing of the photo conductive drum such as 22. For example, assume one laser 
longitudinal scan line is too low as indicated by scan line 34'. Assume further that the 
drum surface on which the laser beam impinges is moving vertically relative to the 
sensors of Fig. 2. Under these conditions, the speed of the corresponding photo 
conductive drum may be slowed slightly to relocate the scan line 34' at the correct 



WO 01/71655 



PCT/US01/08139 



location on the drum. With the same assumptions, commencing the laser beam scan 
earlier accomplishes the same correction. 

While this invention has been described as having a preferred design, the present 
invention can be further modified within the spirit and scope of this disclosure. For 
5 example, this invention may be incorporated in image forming apparatus other than a 
laser printer, to include electrophotographic devices, copy machines, laser scanners, 
etc. This application is therefore intended to cover any variations, uses, or adaptations 
of the invention using its general principles. Further, this application is intended to 
cover such departures from the present disclosure as come within known or 
10 customary practice in the art to which this invention pertains and which fall within the 
limits of the appended claims. 
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WHAT IS CLAIMED IS: 

1 . In an image forming apparatus, an apparatus for determining the longitudinal 
coordinate of a repetitively transversely moving light beam, comprising: 

first and second elongated light sensitive sensors extending obliquely to one 
another and to the transverse direction of motion of the light beam; and 

electrical circuitry responsive to the time delay between the beam impinging the 
first and the second sensors for determining said longitudinal coordinate. 

2. The apparatus of claim 1, further comprising electrical circuitry responsive to 
the average of the times at which the beam impinges the first and the second sensors 
for determining the time at which the beam reaches a start of scan location. 

3. The apparatus of claim 1, wherein a line which bisects the angle between the 
first and second sensors is generally perpendicular to the direction of transverse 
motion of the beam. 

4. The apparatus of claim 1, wherein a change in the longitudinal coordinate 
causes one of: 

the beam impinging the first sensor at an earlier time and the beam impinging the 
second sensor at a later time, or 

the beam impinging the first sensor at a later time and the beam impinging the 
second sensor at an earlier time. 

5. In an image forming apparatus utilizing a laser beam which executes a scan 
pattern of repeated transverse scans along a longitudinal line to form images on 
recording media, a process of determining the start of scan and the longitudinal beam 
position, comprising the steps of: 

determining the time at which the laser beam reaches a first surface; 
determining the time at which the laser beam reaches a second surface which 
second surface extends obliquely to the first surface; 

averaging the two determined times to determine a start of scan reference time; 
forming the difference between the two determined times; 

deriving, from the difference between the two determined times, the longitudinal 
beam position. 

6. The process of claim 5, including the additional step of comparing the derived 
longitudinal beam position to other similarly derived laser beam positions. 
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7. The process of claim 6, including the further step of selectively correcting the 
apparatus to harmonize the compared beam positions. 

8. A multi-color electrophotographic printer, comprising: 

a plurality of laser printheads, each employing a laser beam which executes a scan 
pattern of repeated transverse scan lines to form image information; and 

a plurality of laser beam position sensing arrays for synchronizing operation of the 
printheads, each position sensing array comprising first and second elongated laser 
light sensitive sensors extending obliquely to one another and to a corresponding laser 
scan line. 

9. The color printer of claim 8, wherein a line which bisects the angle between 
the first and second sensors of each array is generally perpendicular to the 
corresponding laser scan line. 

10. The color printer of claim 8, wherein, further including electrical circuitry for 
determining the start of scan and the longitudinal beam position of each laser beam. 

11. The color printer of claim 10, wherein, for each printhead, the electrical 
circuitry determines the time difference between the time at which the corresponding 
laser beam reaches the first sensor and the time at which the laser beam reaches the 
second sensor. 

12. The color printer of claim 11, wherein the electrical circuitry averages the two 
determined times to determine a start of scan for each printhead. 

13. The color printer of claim 11, wherein the electrical circuitry computes, from 
the difference between the two determined times, the longitudinal beam position for 
each printhead. 

14. The color printer of claim 13, wherein the electrical circuitry compares the 
computed longitudinal beam positions and initiates a corrective action if the compared 
positions differ by more than a predetermined amount. 
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